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Concise Explanation of documents 

Excerpted E ng li sh trans lat i on of jp-a-ii-22264i 

From line 1 in column 1 to line 6 in column 2 on page (2) 

[Claims] 

[Claim 1] A copper alloy for conductive springs, 
containing, as main components, 1.0 to 3.5 wt% of Ni, 0,2 
to 0.9 wt% of Si, 0.01 to 0.20 wt% of Mg, and 0.05 to 1.5 
wt% of Sn, with S and 0 in a content restricted to less 
than 0.005 wt% respectively, with the balance being Cu and 
inevitable impurities, and having a crystal grain size of 
more than 1 \.m and 25 \im or less. 
[Claim 2] A copper alloy for conductive springs, 
containing, as main components, 1.0 to 3.5 wt% of Ni, 0.2 
to 0.9 wt% of Si, 0.01 to 0.20 wt% of Mg, 0.05 to 1.5 wt% 
of Sn and 0.2 to 1.5 wt% of Zn,. with S and O in a content 
restricted to less than 0.005 wt% respectively, with the 
balance being Cu and inevitable impurities, and having a 
crystal grain size of more than 1 ^un and 25 >un or less. 
[Claim 3] The copper alloy for conductive springs 
according to claim 1 or 2, wherein the copper alloy 
further contains 0.005 to 2.0 wt% in total of one or more 
elements selected from 0.005 to 0.3 wt% of Ag, 0.01 to 0.5 
wt% of Mn, 0.005 to 0.2 wt% of Fe and Cr respectively, 
0.05 to 2.0 wt% of Co, and 0.005 to 0.1 wt% of P. 
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[Claim 4] The copper alloy for conductive springs 
according to claim 1 or 2, wherein the copper alloy 
further contains 0.005 to 0.13 wt% in total of one or two 
elements selected from 0.005 to 0.1 wt% of Pb and 0.005 to 
0.03 wt% of Bi. 

[Claim 5] The copper alloy for conductive springs 
according to claim 1 or 2, wherein the copper alloy 
further contains 0*005 to 2.0 wt% in total of one or more 
elements selected from 0.005 to 0.3 wt% of Ag, 0.01 to 0.5 
wt% of Mn, 0.005 to 0.2 wt% of Fe and Cr respectively, 
0.05 to 2.0 wt% of Co, and 0.005 to 0.1 wt% of P and one 
or two components selected 0.005 to 0.1 wt% of Pb and 
0.005 to 0.03 wt% of Bi, 

[Claim 6] The copper alloy for conductive springs 
according to any one of claims 1 to 5, wherein the alloy 
is used for any of teinninals, connector materials, and 
switch materials. 

[Claim 7] A manufacturing method of the copper alloy for 
conductive springs according to any one of claims 1 to 6, 
wherein recrystallization treatment is carried out at 700 
to 920'^C after cold working. 

[Claim 8] A manufacturing method of the copper alloy for 
conductive springs according to any one of claims 1 to 6, 
wherein recrystallization treatment is carried out at 700 
to 920''C after cold working, and then aging treatment is 
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carried out at 420 to SSC^C. 

[Claim 9] A manufacturing method of the copper alloy for 
conductive springs according to any one of claims 1 to 6, 
wherein recrystallization treatment is carried out at 7 00 
to 920^*0 after cold working, cold working with a reduction 
of 25% or less is further carried out, and then aging 
treatment is carried out at 420 to bSO^'C. 
[Claim 10] A manufacturing method of the copper alloy for 
conductive springs according to any one of claims 1 to 6, 
wherein recrystallization treatment is carried out at 700 
to 920*'c after cold working, cold working with a reduction 
of 25% or less and then aging treatment at 420 to SSO^C 
are carried out, and further cold-working with a reduction 
of 25% or less and low-temperature annealing are carried 
out. 

From line 21 to 25 in column 10 on page (6) 
[0031] 

[Best Mode for Carrying out the Invention] 

A copper alloy of the present invention has 
excellent mechanical strength, bending property, stress 
relaxation property , . resistance to Sn-plating peeling, and 
punching suitability, and especially has properties 
required for a common conductive material such as 
terminal-connector materials, switch materials, relay 
materials, and the like; and the alloy will be described 
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in detail referring to examples « 

From line 12 to 17 in column 12 on page (7) and Table 1 
[0039] 

The thermal peeling resistance of the Sn plating was 
evaluated in the following manner o A test piece of each 
of the sample sheets was subjected to a glossy tin plating 
with a thickness of 1 ^un^ and the resultant test piece was 
heated at ISO^c for 1,000 hours in atmospheric air, 
followed by ISO^degree contact bending and bending back. 
After that, the peeling of the plating at the bent portion 
was observed with the naked eye. In the case solder 
peeling was observed, a word, existing, was written in 
Tables 4 to 6. 
[Table 1] 
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Conc ise explanation with respect to JP.^A-ll>-2226/n 

If heat/electric conductivity of an alloy is poor, 
stress relaxation is accelerated due to heating of the 
alloy itself.. Accordingly, the balance between 
conductivity and stress relaxation property is necessarily 
considered. JP-A-1 1-222641 describes a copper alloy 
developed by the present inventors and others, which alloy 
satisfy the balance between conductivity and stress 
relaxation property. However, with respect to the alloy 
in JP-A-11-22641, there is room for further improvement in 
compatibility to plating and in resistance to 
deterioration of plate after plating (which are 
collectively called as plating characteristics). 

Excerp ted English translation of JP-A-11-256256 

From line 1 in column 1 to line 3 in column 2 on page (2) 

[Claims] 

[Claim 1] A copper alloy for electric and electronic parts 
excellent in stamping workability, comprising 0.1-4.0 wt% 
of Ni, 0.01-1.0 wt% of Si, 0.01-5.0 wt% of Zn, 0.005 or 
less wt% of S, and 0.005 or less wt% in total of one or 
more elements selected from the following group consisting 
of 0.003 wt% or less of Se, 0.003 wt% or less of Te, 0.003 
wt% or less of Sb, and 0.003 wt% or less of Bi, with the 
balance being Cu and inevitable impurities. 
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[Claim 2] A copper alloy for electric and electronic parts 
excellent in stamping workability, comprising 0*1-4,0 wt% 
of Ni, 0.01-1.0 wt% of Si, O.Olr-S.O wt% of Zn, 0.0001- 
0^005 wt% of S, and 0.00003^0,005 wt% in total of one or 
more elements selected from the group consisting of 
0,00003-0.003 wt% of Se, 0.00003-0.003 wt% of Te, 0.00003- 
0.003 wt% of Sb, and 0.00003-0. 003 wt% of Bi, with the 
balance being Cu and inevitable impurities. 
[Claim 3] A copper alloy for electric and electronic parts 
excellent in stamping workability according to claim 1 or 
2, further containing 0.0001-0,05 wt% in total of one or 
two elements selected from the group consisting of 0.0001- 
0.05 wt% of Pb and 0.0001-0.01 wt% of C. 

[Claim 4] A copper alloy for electric and electronic parts 
excellent in stamping workability according to any one of 
claims 1 to 3, further containing 0,0001-0.3 wt% in total 
of one or two elements selected from the group consisting 
of 0,0001-0.1 wt% of P and 0.0005-0.3 wt% of Al. 
[Claim 5] A copper alloy for electric and electronic parts 
excellent in stamping workability according to any one of 
claims 1 to 4 , further containing 0.001-1.5 wt% of Mg. 
[Claim 6] a copper alloy for electric and electronic parts 
excellent in stamping workability according to any one of 
claims 1 to 5, further containing 0.0003-0.7 wt% in total 
of one or more elements selected from the group consisting 
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Of 0.001-0.5 wt% of Mn, 0.0;01 wt%. or more but less than 
0.03 wt% of Fe, 0.001-0.1 wt% of Co, 0.0003-0.1 wt% of Ag, 
0.0005-0,01 wt% of Cr, 0.0005-0.01 wt% of Zr, and 0.0005- 
0.01 wt% of Ti. 

[Claim 7] A copper alloy for electric and electronic parts 
excellent in stamping workability according to any one of 
claims 1 to 6, further containing oxygen in a content of 
30 ppm or less and hydrogen in a content of 10 ppm or less. 
[Claim 8] A copper alloy for electric and electronic parts 
excellent in stamping workability according to any one of 
claims 1 to 7, further containing 0.01-8.0 wt% of Sn. 
From line 37 in column 8 on page (5) to line 8 in column 9 
on page (6) 

[0025] A lead frame, for which the alloy of the present 
invention finds utility, is heated at 2 00 to 350°C in the 
step of mounting-packaging an Si chip. In the step of 
wire bonding, in order to prevent oxidation at the time of 
heating, usually the heating is performed in a non- 
oxidative atmosphere such as a nitrogen-hydrogen mixed gas. 
However, because of difficulty of completely preventing 
the penetration of air into the heating furnace, or 
because of prolongation of its residence time in the 
furnace, for example, in case of the occurrence of 
stopping of the line due to unexpected matter, the lead 
frame undergoes oxidation by the penetrating air. If the 
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adhesion strength between the oxide film produced on the 
surface of the lead frame and the matrix is low, after 
resin molding, moisture will penetrate through a gap 
formed when the oxide film is peeled off from the matrix 
so that the reliability of the IC is considerably 
decreased. For this reason, when the alloy is used for a 
lead frame, adhesion of its oxide film is one of important 
prescribed properties. V?ith respect to surface roughness 
of the alloy of the present invention, if the center line 
average roughness (Ra) exceeds 0.2 \xm or the maximum 
height (Rmax) exceeds 1.0 ^uxi, the adhesion of the oxide 
film is decreased. In consideration of this, it is 
desirable that with respect to the surface roughness, Ra 
is 0.2 ^m or less and Rmax is 1.0 fxm or less. Then, when 
the surface roughness satisfies these conditions, no 
problem occurs in plating suitableness, bending 
workability, and the like, so that the alloy is suitable 
for electric and electronic parts such as a lead frame, a 
terminal and a connector. 

From line 45 in coliunn 24 on page (13) to line 5 in column 
26 on page (14) 

[0058] <Test Wethod> Influences of surface roughness on 
the adhesion of oxide film were examined by the following 
methods . 

[Surface Roughness] Each test piece subjected to 
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ultrasonic cleaning with acetone was measured of its 
roughness by scanning a probe parallel to the direction of 
rolling over a length of 5 mm. Five test pieces for each 
sample exhibited approximately the same surface roughness. 
As the surface roughness of each sample, an average value 
of data on the five test pieces was used. For the 
measurement of surface roughness, a stylus type surface 
roughness measuring apparatus (produced by Taylor Hobson) 
was used. Note that the definition of surface roughness 
was according to JIS-B0601 (Definition of and indication 
of surface roughness). 

[0059] [Adhesion of Oxide Film] On a hot plate (HOT PLATE 
HHP-401, produced by SEFI Co.) kept at 300**C were placed 
test pieces of respective surface roughness values and 
heated for 30 minutes. After predetermined period of time, 
the test pieces were cooled to room temperature, then a 
commercially available acetate adhesive tape {3M No. 810) 
was applied thereto and immediately peeled off therefrom. 
Presence or absence of attachment of the oxide film onto 
the adhesive surface of the tape was examined by visual 
observation. No attachment of oxide film to the adhesive 
surface was evaluated as O, and any attachment of oxide 
film thereto was evaluated as X . Note that the heating 
test with the hot plate, and peeling off test were 
performed in a chamber at 25°C and at relative humidity of 
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60%. 

[0060] [Test Results] Results obtained are shown in 
Table 10. 
[0061] 
[Table 10] 

Table 10: Relationship between Surface Roughness and 
Peeling of Oxide Film 



No. 


Ra 


Rmax 
\m 


Peeling of 
oxide film 


27-7 


0,06 


0.35 


O 


27-8 


0.12 


0.74 


O 


27-9 


0.25* 


1,16 


X 


27-10 


0.44* 


2.8 


X 



[0062] In No. 27-7 and No, 27-8 having Ra of 0.2 ^im or 
less and Rmax of 1.0 ^im or less with respect to a surface 
roughness, the oxide film did not peel off, while in No. 
27-9 and No. 27-10 whose surface roughness exceeded the 
above-mentioned range, the oxide film peeled off. 

Excerptfi d English translation of JP-A-5-59468 
From lines 1 to 25 in column 1 on page (2) 
[Claims ] 

[Claim 1] A copper alloy for conductive springs, 
comprising 0,5-4.0 % (means wt%, hereinafter the same) of 
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Ni, 0,1"1.0 % of Si, 0.01 to 0,1 % of Mg, 0.0015 % or less 
of s, 0.0015 % or less of 0, and the balance of Cu. 
[Claim 2] A copper alloy for conductive springs, 
comprising 0,5 to 4.0% of Ni, 0.1 to 1.0% of si, 0.01 to 
0,1% of Mg, 0.01 to 15% of Zn, 0.0015% or less of S, 
0.0015% or less of O, and the balance of Cu. 
[Claim 3] A copper alloy for conductive springs, 
comprising 0.5 to 4.0% of Ni, 0,1 to 1.0% of Si, 0.01 to 
0.1% of Mg, 0.0015% or less of S, 0.0015% or less of O, 
further ,r as auxiliary components, 0.005 to 1.0% of one or 
more elements selected from P, B, As, Fe, Co, Cr, Al, Sn, 
Ti, Zr, In and Mn, and the balance of Cu. 
[Claim 4] A copper alloy for conductive springs, 
comprising 0.5 to 4,0% of Ni, 0.1 to 1.0% of Si, 0.01 to 
0.1% of Mg, 0.01 to 15% of Zn, 0.0015% or less of S, 
0.0.015% or less of O, further, as auxiliary components, 
0.005 to 1.0% of one or more elements selected from P, B, 
As, Fe, Co, Cry Al, Sn, Ti, Zr, In and Mn, and the balance 
of Cu, 

From line 35 to 42 in column 7 on page (5) 

Regarding the thermal peeling resistance of a tin 
plating, each specimen, which was plated with a 0.5 to 0,8 
Mm-thick copper underplating, further plated with a 1 to 
1.5 ^Am-thick tin by electroplating, and then subjected to 
thermal reflow, was cut into 10 mm W X 100 mm L, heated 
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at 150**C for a prescribed period (at every 100 hours), 
subjected to 90*^ bending back and forth one time in one 
side with a curvature of 0.3 nun ( = the plate thickness), 
and the peripheral part of the bent part in the front and 
the rear faces was observed with a visual field enlarged 
20 times, to confirm the occurrence of peeling of the 
plating. 

Conci se explanatTon vjihh respect fco JP-^A-5-5946R 

shows effectiveness of Mg added to a Cu 
alloy to improve stress relaxation property. However, 
although stress relaxation property is improved by the 
addition of mg, this alloy material is poor in bending 
property, to cause cracks upon subjected to IBO^'-contact 
bending test, and the like. Accordingly, this alloy is 
necessarily improved in bending property to be used as a 
connector for automobile and the like. 

Exg^rpjfid Knnlish transla tion of JP-A-1-180932 
From line 4 to line 14 in colxiinn 1 on page (1) 

[Claim] 

[Claim 1] A highly tensile and highly electrically 
conductive copper alloy for pin grid array IC lead pins 
comprising 3.0 to 3.5 wt% of Ni, 0.5 to 0.9 wt% of Si, 
0,05 to 5 wt% of Zn, 0.2 to 2 . 0 wt% of Sn, 0.001 to 0.1 
wt% of Cr, 0.001 to 0.01 wt% of Mg, and the balance of Cu 
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and inevitable impurities, and having Vickers hardness of 
200 or more and electrical conductivity of 30% lACS or 
more after a soft brazing treatment at lowei^ than 450*'C, 
and being excellent in the heat resistance, the stiffness 
strength, the repeated bend.ability and the noble metal 
platability. 

From line 19 in lower right column on page (3) to line 2 
in upper left colmnn on page <4) 

(6) The adhesion property of the Au plating was 
investigated by forming a 2 ^m-thick Ni underlayer plating 
and a 3 ^un-thick Au plating, heating at a bra2ing 
temperature of 425*^0 for 15 minutes, and then observing 
the occurrence of the blister with a magnifier. 

ExcerptPcf En glish translation of onQft? 
From line 1 to line 47 in column 1 on page (2) 
[Claims] 

[Claim 1] A metal foil for a TAB tape having high young 
modulus and high yield strength, wherein the metal foil is 
an alloy containing 20 to 95 wt% of Cu, 0.3 to 11 wt% of 
Al, 0.05 to 3.0 wt% of Mn, 0.005 to 3.5 wt% of Ti, 0.5 to 
10 wt% of Cr, 0-001 to 1.5 wt% of Mo, and the balance of 
Fe and inevitable impurities, and has an aspect ratio of 
crystal grain size (the ratio of the crystal grains in the 
rolling direction ' and the perpendicular direction to 
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rolling) of 20 or less, and a foil thickness of 80 jim or 
less, 

[Claim 2] The metal foil according to claim 1, wherein the 
weight ratio of Cr content to Fe content is 5,5 to 13.5 %. 
fClaim 3] The metal foil according to claim 1 or 2, 
wherein the alloy further contains, as alloying elements, 
0.005 to 8 wt% in total of one or more elements selected 
from Zr, Si, Ni, Zn, Sn, Nb, P, La, Ce, Y, V, Ca, Be, Mg 
or Hf, and 0.005 to 2 wt% in total of one or more of C or 
B. 

[Claim 4] The metal foil according to any one of claims 1 
to 3, wherein a surface* of the metal foil is plated in a 
thickness of 0.001 to 0.02 jum, with a Ni, Cu, Ag, Au or 
their alloy plating, a Sn-Pb plating, or a tin plating in 
a single or a plurality of layers. 

[Claim 5] A manufacturing method of a metal foil for a TAB 
tape having high young modulus and high yield strength, 
which foil has and slight characteristic anisotropy and is 
excellent in lead deformation resistance and heat 
resistant strength, wherein the method comprises steps of 
melting and casting an alloy with the composition 
according to any one of claims 1 to 3, and then hot- 
rolling the cast at a temperature in a range of 700 to 
1,000*'C, primarily cold^rolling the resulting plate with a 
reduction ratio of 50 to 95%, annealing the resulting 
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sheet at a temperature in a range of 800 to IrOOO^'C, and 
then secondarily cold-rolling the sheet with a reduction 
*ratio of 1 to 70%, further subjecting the resulting foil 
to solution heat treatment at a temperature in a range of 
700 to 1,000*^0 and then quenching the foil, and 
successively aging the foil at a temperature in a range of 
350 to 650**C. 

[Claim 6] A inahufacturing method of a metal foil for a TAB 
tape having high young modulus and high yield strength, 
which foil has slight characteristic anisotropy and is 
excellent in lead deformation resistance and heat 
resistant strength, wherein the method comprises steps of 
melting and casting an alloy with the composition 
according to any one of claims 1 to 3, and then hot- 
rolling the cast at a temperature in a range of 700 to 
1,000°C, primarily cold-rolling the hot-rolled plate with 
a reduction ratio of 50 to 90%, annealing the resulting 
Sheet at a temperature in a range of 800 to 1, 000*^0 and 
successively quenching the sheet, and then secondarily 
cold-rolling the sheet with a reduction ratio of 1 to 70%, 
and further successively aging the resulting foil at a 
temperature in a range of 350 to esO^'C. 

[Claim 7] The manufacturing method according to claim 5 or 
6, wherein the secondary cold-rolling is carried out with 
a reduction ratio of 1 to 15%. 
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[Claim 8] The manufacturing method according to any one of 

claims 5 to 7, wherein the metal foil after the aging 

treatment is plated with a Ni, Cu^ Ag, Au or their alloy 

plating, a Sn-Pb plating, or a tin plating with a 

thickness of 0.001 to 0.02 jim, in a single or a plurality 
of layers. 

From line 33 to line 41 in column 14 on page (8) 
[0024] Example 2 

Table 5 shows the evaluation results of materials 
obtained by processing the specimens C, P shown in Table 1 
and Table 2 with the following steps. That is, after I 
mm-thick metal plates obtained by hot-rolling were 
subjected to surface-grinding, the plates were subjected 
to primary cold-rolling with a reduction ratio of 35 to 
96% to obtain sheets with a thickness of 0.055 mm, and the 
sheets were annealed at 1,0 00**C for 60 seconds, cooled at 
lOO^'C/min cooling rate with nitrogen gas, and then 
subjected to secondary cold-rolling of 1 to 75%. 
[Table 5] 
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Concifift expl a Pf i tion with respect jp-^a-61-127S4? ; 

JP-A-61-127842 describes a Cu-Ni-Si-series alloy as 
a copper-series material that satisfies requirements under 
a severe condition of a high temperature and corrosive 
environment. However, such a Cu-Ni-Si-series alloy also 
has lapsed into an unusable state. More specifically, 
miniaturization of parts, for example, in a general box- 
type terminal, the reduction in tab width of a male 
terminal to be inserted, of from about 2 mm to about 1 mm 
results in a decrease in the width of a spring part to 
about 1 mm, which is difficult to give a sufficient 
connection strength. Further, as correlated with the 
miniaturization, to secure connection strength at a spring 
part, many studies have been made on the structure of 
terminals. As a result, bending property required to a 
material has become more and more severe, and the 
conventional Cu-Ni-Si-series alloy often causes cracks at 
the bent portion • It is similarly applicable to stress 
relaxation property. Accordingly, the conventional Cu-Ni- 
Si-series alloy cannot be used for a long period of time, 
due to the increase of stress applied to the material and 
the change of environment to be used to become a higher 
temperature. 



Exgsrptgtj English Translati on nf JP-A-11^437 "^l 
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FrcHn line i in column 1, to line 40 in column 2, on page 
(2) 

[Claims] 

[Claim 1] A high strength copper alloy excellent in 
stamping workability and suitable for silver plating, 
comprising 0.4-4.0 wt% of Ni, 0.05-1.0 wt% of Si, 0.001- 
5.0 V7t% of sn, 0.1-5.0 wt% of Zn, 0.005-1.0 wt% of Mg, 
0.0003-0.005 wt% of S, 0,0003-0.01 wt% of C and the 
balance of Cu with inevitable impurities, wherein 
respective contents of Mg and S simultaneously satisfy the 
following inequalities (1) and (2): 

0.5[Mg] + [S] ^ 0.005 -^..(1) 

0.25[Mg] 2: [S] (2) 

([Mg] means wt% of Mg and [S] means wt% of s, hereinafter 
the same. ) 

[Claim 2] a high strength copper alloy excellent in 
stamping workability and suitable for silver plating, 
comprising 0.4-4.0 wt%. of Ni, 0.05-1.0 wt% of Si, 0.001- 
5.0 wt% of Sn, 0.1-5.0 wt% of Zn, 0.005-1.0 wt% of Mg, 
0.0003-0.005 wt% of S, 0.0003-0.01 wt% of C and the 
balance of Cu with inevitable impurities, wherein 
respective contents of Mg and S s jjnultaneously satisfy the 
following inequalities (1) and (2): 

0.5[Mg] + [SJ 0.005 ...-{1) 

0.25[Mg] ^ [S] (2), 
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and the alloy has an average crystal grain size in the 
direction of sheet thickness of 20 jun or less. 
[Claim 3] A high strength copper alloy excellent in 
stamping workability and suitable for silver plating, 
comprising 0.4-4.0 wt% of Ni, 0.05-1.0 wt% of Si, 0.001- 
5.0 wt% of Sn, 0.1-5.0 wt% of Zn, 0.005-1.0 vrt% of Mg, 
0.0003-0.005 wt% of S, 0.0003-0.01 wt% of C, and 0.001-1.0 
wt% in total amount of one kind^ or two kinds or more of 
Be, B, Al, P, Ti, V, Cr, Mn, Fe, Co, Pb, Ca, 2r, Nb, Mo, 
Ag, In, Sb, Hf, and Ta as side component ( s ) , and the 
balance of Cu with inevitable impurities, wherein 
respective Mg and S simultaneously satisfy the following 
inequalities (1) and (2): 

0.5[Mg] + [S] 0.005 (1) 

0.25[Mg] ^ [S] ....(2). 

[Claim 4] A high strength copper alloy excellent in 
stamping workability and suitable for silver plating, 
comprising 0.4-4.0 wt% of Ni, 0.05-1.0 wt% of Si, 0.001- 
5.0 wt% of Sn, 0.1-5.0 wt% of Zn, 0.005-1.0 wt% of Mg, 
0.0003-0,005 wt% of S, 0.0003-0.01 wt% of C, and 0.001-1.0 
wt% in total amount of one kind, or two kinds or more of 
Be, B, Al, P, Ti, V, Cr, Mn, Fe, Co, Pb, Ca, Zr, Nb, Mo, 
Ag, In, Sb, Hf, and Ta as side component (s ) , and the 
balance of Cu with inevitable impurities, wherein 
respective Mg and S simultaneously satisfy the following 
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inequalities {!) and (2): 

0.5[Mg] + [S] ^ 0.005 (1) 

0.25[Mg] ^ [S] *..-{2), 

and the alloy has an average crystal grain size in the 
direction of sheet thickness of 20 ^un or less. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention belongs] The 
present invention relates to a high strength copper alloy 
excellent in stamping workability and silver plating 
suitableness, which is used in electric/electronic parts 
such as a semiconductor lead frame, a terminal, a 
connector, a relay and a switch. 
[0002J 

[Prior Art] Cu-Ni-si-series copper alloys have both 
strength and electrical conductivity and hence are widely 
used in electric/electronic parts such as a semiconductor 
lead frame, a terminal and a connector. In recent years, 
associated with miniaturization, light-weight and high 
integration of electric/electronic parts, contraction in 
lead distance of a lead frame or contraction of inter- 
electrode pitch of a connector is being attempted. This 
results in an increasing demand not only for attaining 
high strength and high electrical conductivity, but also 
for a material excellent in stamping workability (reduced 
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burrs and sagging after the stamping working) and causing 
no wear of a stamping die (see, for example, JP-A-2-66130 ) . 
In addition, these electric/electronic parts are sometimes 
subjected to silver plating, and in accordance with 
increasing demand for improved reliability, silver plating 
suitableness has become increasingly valued than 
conventionally (see, for example, JP-A-63-130739, 5-59468, 
and 8-319528) . 
[0003] 

[Problems that the Invention is to Solve] In Cu-Ni-si- 
series copper alloys for electric/electronic parts, Mg is 
used as an additive element for preventing the electrical 
conductivity from decreasing and for increasing the 
strength. Then, Mg, as described in JP-A-2-66130, has a 
great effect on stamping workability and reduction in the 
wear of a stamping die, however, it is known that Mg 
deteriorates silver plating suitableness (generation of 
protrusions of silver plating) even with a very small 
quantity. An object of the present invention is to 
provide a high strength, Mg-containing Cu-Ni-Si-series 
copper alloy, reconciling both the stamping workability 
and silver plating suitableness with each other, which 
properties have been hitherto considered mutually 
contradictory. 

From lines 23 to 30 in column 4 on page (3) 
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[0014] (C) The present inventors have found that C has the 
effect of improving the stamping workability of Mg- 
containing Cu-Ni-Si-series copper alloy. However, if C 
content is less than 0.0003 wt%, the above effect is small, 
while if c content is over 0.01 wt%, the above effect is 
saturated and the hot workability of the alloy is 
deteriorated. Therefore, the content of C is set to 
0.0003 to 0.01 wt%, and preferably 0.001 to 0.01 wt%. 
From line 41 in column 4 on page (3), to line 3 in column 
5 oh page (4) 

[0016] (Crystal grain size) The present inventors have 
found that in Mg-containing Cu-Ni-Si-series copper alloy, 
in particular, crystal grain size in the direction of 
sheet thickness is involved in the stamping workability. 
If the average crystal grain size in the direction of 
sheet thickness of the alloy in the state of a final $\^t 
product is 20 urn or less, the stamping workability can be 
improved. Desirably, the average crystal grain size of 
the alloy is 15 \m or less. Even if the crystal grain 
size is over 20 \xm in the stage of recrystallization, it 
is included within the above range when the crystal grains 
become flat during subsequent cold working to give an 
average crystal grain size in the direction of sheet 
thickness of 20 ^u^n or less. Further, in the case of a so- 
called a fiber tissue, which is observed in a material 
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subjected to cold working with reduction of 90% or more ir 
total after the recrystallization, crystal grains are 
difficult to observe. However^ such a fiber tissue is 
also encompassed by the present invention. 
CPnc i se explanation with respect to J P-A->ii-437n 

1-43731 describes a high strength copper alloy 
excellent in stamping workability and silver-plate 
adhesion property. However, the copper alloy in JP-A-11- 
43731 is applicable only in the use in which stamping 
workability and silver-plate adhesion property are 
required. Such an applicable use is different between JP- 
A-11-43731 and the present invention. 

Further, the copper alloy in JP-A-1 1-43731 differs 
from the copper alloy of the present invention. That is, 
in the copper alloy of JP-A-11-43731, 0.0003-0.01 wt% of C 
is essential, but C is not an essential element in the 
alloy of the present invention. In JP-A-1 1-4373 1 , the 
reason why c of the specific amount is essential is 
described. 

Still further, the copper alloy in JP-A-11-43731 is 
limited to have a specific average crystal grain size in 
the direction of sheet thickness of 20 or less. This 
definition in JP-A-11-43731 differs from the definition of 
the crystal grain diameter in the alloy of the present 
invention. 
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In sum, the alloy of the present invention differs 
from that in JP-A-11-43731 , in the points of the use, the 
constitution (alloy composition), and the definition of 
alloy's grain size. 
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lines 6 to 12 in right lower column on page -191- 
2, Claims 

(1) A high strength and high conductivity copper alloy for 
semiconductor device lead material or conductive spring 
material, comprising 0 •4-4.0 wt% of Ni, 0.1-1.0 wt% of Si, 
and the balance Gu with inevitable impurities in which S 
content among the impurities is 0.0015 wt% or less. 

Conc i se exp l anation with respect to jp-a-63-i 307-^9 

JP-A-63-130739 describes a Cu-Ni-Si-series alloy 
relatively high in mechanical strength for use as the 
contact point material. However, the Cu-Ni-Si-series 
alloy cannot serve as substitutes for the beryllium-copper 
alloy because mechanical strength and stress relaxation of 
the Cu-Ni-Si-series alloy is inferior to the beryllium- 
copper alloy. 

jP-A-5-5QdfiR 

lines 1 to 6 in column 1 on page (2) 

[Claims] 

[Claim 1] A copper alloy for conductive spring, comprising 
0.5-4.0 % (means wt%, hereinafter the same) of Ni, 0.1- 



1.0 % of Si, 0.01 to 0.1 % of Mg, 0.0015 % or less of s, 
0.0015 % or less of O, and the balance Cu. 

Conc i se exp l ana tion w it h r especii 4.0 jp-a-s-^q a^^ 
5 JP-A-5-59468 described a copper alloy for use as the 

contact point material in which stress relaxation of the 
Cu-Ni-Si-series alloy described, for example, in the above 
JP-A-63-130739, is improved, by adding Mg. However, in 
the copper alloy, the same level of stress relaxation as 
10 the beryllium-copper alloy cannot be obtained by merely 
adding Mg. 

from line 1 in column 1, to line 40 in column 2, on page 
15 (2) 

[Claims] 

[Claim 1] A high strength copper alloy excellent in 
stamping workability and suitable for silver plating, 
comprising 0.4-4.0 wt% of Ni, 0.05-1.0 wt% of Si, 0.001- 

20 5.0 wt% of Sn, 0.1-5.0 wt% of Zn, 0.005-1.0 wt% of Mg, 
0.0003-0.005 wt% of S, 0.0003-0.01 wt% of C and the 
balance Cu with inevitable ijnpurities, wherein respective 
contents of Mg and S simultaneously satisfy the following 
inequalities (1) and (2): 

25 0.5lMg] + [S] ^ 0.005 (1) 
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0,25[Mg] ^ [S] (2) 

([Mg] means wt% of Mg and [SJ means wt% of S, hereinafter 
the same . ) 

[Claim 2] A high strength copper alloy excellent in 
stamping workability and suitable for silver plating, 
comprising 0.4-4.0 wt% of Ni, 0.05-1.0 wt% of Si, 0.001- 
5.0 wt% of Sn, 0.1-5.0 wt% of Zn, 0.005-1.0 wt% of Mg, 
0.0003-0.005 wt% of S, 0.0003-0.01 wt% of C and the 
balance Cu with inevitable impurities, wherein respective 
contents of Mg and S simultaneously satisfy the following 
inequalities (1) and (2): 

0.5[Mg] + [S] ^ 0.005 (1) 

0.25[Mg] ^ [S] -...(2) 
,and the alloy has an average crystal particle size in the 
15 direction of plate thickness of 20 |un or less. 

[Claim 3] A high strength copper alloy excellent in 
stamping workability and suitable for silver plating, 
comprising 0.4-4.0 wt% of Ni, 0.05-1.0 wt% of Si, 0.001- 
5.0 wt% of Sn, 0.1-5.0 wt% of Zn, 0.005-1.0 wt% of Mg, 
0.0003-0.005 wt% of S, 0.0003-0.01 wt% of C, and 0.001-1.0 
wt% in total amount of one kind, or two kinds or more of 
Be, B, Al, P, Ti, V, Cr, Mn, Fe, Co, Pb, Ca, Zr, Nb, Mo, 
Ag, In, Sb, Hf, and Ta as side component ( s ) , and the 
balance Cu with inevitable impurities, wherein respective 
Mg and S simultaneously satisfy the following inequalities 
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(1) and (2): 

O.StMg] + [S] a 0,005 (1) 

0.25[Mg] s tS]. (2) 

[Claim 4] A high strength copper alloy excellent in 
stamping workability and suitable for silver plating, 
comprising 0.4-4.0 wt% of Ni, 0.05-1.0 wt% of Si, 0.001- 
5.0 wt% of Sn, 0.1-5.0 wt% of Zn, 0.005-1.0 wt% of Mg, 
0.0003-0.005 wt% of S, 0.0003-0.01 wt% of C, and 0.001-1.0 
wt% in total amount of one kind, or two kinds or more of 
Be, B, Al, P, Ti, V, Cr, Mn, Pe, Co, Pb, Ca, Zr, Nb, Mo, 
Ag, In, Sb, Hf, and Ta as side component ( s ) , and the 
balance Cu with inevitable impurities, wherein respective 
Mg and S simultaneously satisfy the following inequalities 
( 1 ) and ( 2 ) : 

15 0.5[Mg] + [S] & 0.005 ...,.(1) 
0.25[Mg] g [S] (2) 

,and the alloy has an average crystal particle size in the 
direction of plate thickness of 20 fim or less. 
[Detailed Description of the Invention] 
20 [0001] 

[Technical Field to which the Invention belongs] The 
present invention relates to a high strength copper alloy 
excellent in stamping workability and silver plating 
suitableness, which is used in electric/electronic parts 
25 such as a semiconductor lead frame, a terminal, a 
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connector, a relay and a switch. 
[0002] 

[Prior Art] Cu-Ni-si-series copper alloys have both 
strength and electrical conductivity and hence are widely 
used in electric/electronic parts such as a semiconductor 
lead frame, a terminal and a connector. In recent years, 
associated with miniaturization, light-weight and high 
integration of electric/electronic parts,, contraction in 
lead distance of a lead frame or contraction of inter- 
electrode pitch of a connector is being attempted. This 
results in an increasing demand not only for attaining 
high strength and high electrical conductivity but also 
for a material excellent in stamping workability (reduced 
burrs and sagging after the stamping working) and causing 
15 . no wear of a stamping die (see, for example, JP-A-2-66130 ) 
in addition, these electric/electronic parts are sometimes 
subjected to silver plating and in accordance with 
increasing demand for improved reliability, silver plating 
suitableness has become increasingly valued than 
20 conventionally (see, for example, JP-A-63-130739 , 5-59468, 
and 8-319528) . 
[0003] 

[Problems that the Invention is to Solve] In Cu-Ni-Si- 
series copper alloys for electric/electronic parts, Mg is 
25 used as an additive element for preventing the electrical 
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conductivity from decreasing and for increasing the 
strength. Then, Mg, as described in JP-A-2-66130 , has a 
great effect on stamping workability and reduction in the 
wear of a stamping die, however, it is known that Mg is 
deteriorated silver plating suitableness (generation of 
protrusions of silver plating) even in a very small 
quantity. An object of the present invention is to 
provide a high strength, Mg-containing Cu-Ni-Si-series 
copper alloy, reconciling both the stamping workability 
and silver plating suitableness with each other that have 
been hitherto considered mutually contradictory, 
lines 23 to 30 in column 4 on page (3) 

[0014] (C) The present inventors have found that C has the 
effect of improving the stamping workability of Mg- 
15 containing Cu-Ni-Si-series copper alloy. However, if c 

content is less than 0.0003 wt%, the above effect is small, 
while if c content is over 0.01 wt%, the above effect is 
saturated and the hot workability of the alloy is 
deteriorated. Therefore, the content of c is set to 
0.0003 to 0.01 wt% and preferably 0.001 to 0.01 wt%. 
from line 41 in coliunn 4 on page (3), to line 3 in column 
5 on page (4) 

[0016] (Crystal particle size) The present inventors have 
found that in Mg-containing Cu-Ni-Si-series copper alloy, 
in particular crystal particle size in the direction of 
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plate thickness is involved in its stamping workability. 
If the average crystal particle size in the direction of 
plate thickness of the alloy in the state of a final plate 
product is 20 ^iiti or less, the stamping workability can be 
5 improved. Desirably, the average crystal particle size of 
the alloy is 15 or less. Even if the crystal particle 
size is over 20 ^un in the stage of recrystallization, it 
is included within the above range when the crystal 
particles become flat during subsequent cold working to 
10 give an average crystal particle size in the direction of 
plate thickness of 20 ^im or less. Further, in the case of 
a so-called a fiber tissue, which is observed in a 
material subjected to cold working of 90% or more in total 
after the recrystallization, crystal particles are 
15 difficult to observe. However, such a fiber tissue is 
also encompassed by the present invention. 

Concise fiXPlanation wifch r espent: to JP-a-11-437^i 

JP-A-11-43731 describes a high strength copper alloy 
20 excellent in stamping workability and silver-plate 

adhesion property. However, the copper alloy in jp-a-11- 
43731 is applicable only in the use in which stamping 
workability and silver-plate adhesion property are 
required. Such an applicable use is different between JP- 
25 A-11-43731 and the present invention. 
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Further, the copper alloy in JP-A-H-43731 differs 
from the copper alloy of the present invention. That is, 
in the copper alloy of JP-A-11-43731 , 0.0003-0.01 wt% of 
is essential, but C is not an essential element in the 
alloy of the present invention. In JP-A-ll-43731 , the 
reason why c of the specific amount is essential is 
described. 

Still further, the copper alloy in jp-A-ll-43731 is 
limited to have a specific average crystal particle size 
in the direction of sheet thickness of 20 ^m or less. 
This definition in aP-A-1 1-43731 differs from the 
definition of the crystal grain diameter in the alloy of 
the present invention. 

In sum, the alloy of the present invention differs 
from that in JP-A-11-43731, in the points of the use, the 
constitution (alloy composition), and the definition of 
alloy's grain size. 
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3£^i^^:bTNi^l. O'-S. 5wt 
%. Si^rO. 2-0. 9wt%. Mg^O, 0 1- 
20wt%. Sn^O. 05-1. 5wt%^^. 

o^wa^^n^n o . o o 5 w t %*}gic^JE 

^ 1 M m^Sx. 2 5 mttTT* ^ ;i ^ ^^^^ iiT ^ 
iC]B3e^jaS^^7 0 0-9 2 0'CTff-5^C7)Tfe^c 



0. 



(2) 



it#gg^l 1 -2 2 2 6 4 1 



m^mU ^^tLXN 1^1. 0-3. 5wt 

Si^O. 2-0. 9wt%, Mg^O. 01- 
0. 20wt%, Sn^O. 05-^1. 5wt%^^. 

s, ot^&^^n^no, 0 0 5 w t %^m\zum. 

m^m2] ^^^tLTN \ 0-3. 5wt 

%. Si^O. 2-0. 9wt %. Mg^O. 0 1- 
0. 20wt%, Sn^O. 05—1. 5wt%, Zn 
^0. 2-1. Sv/t%^^. S. ot^M'^^ii'en 
0. OO5wt%*iSll0JIBt, SSRCuRtPF^SM 

[^^^3] m^mix\t2\zm®.(Dm^^\z. ^e. 

\Z0, 0 0 5-0. 3wt%Ag, 0. 01-0. 5w 
i%Un. ^n^tiO. 0 0 5-0. 2wt%<^Fe, 
Cr. 0. 05-2. 0wt%Co, 0. 0 0 5 — 0. 

1 w t % p cDEt'd^ ^iitfn 1 m^rz\t 2 mu±^mmx 

0. 0 0 5wt%-2. OwtX^tSCt^^mt-^^ 

irO. 0 0 5-0. lwt%Pb. 0. 0 0 5-0. 0 
3wtB i0ia^;^H2a^i^fi'T?O. 0 0 5-0. 

m^ms] m^mix\t2\zmm<Dm^^\z. 

ICO. 0 0 5 — 0. 3wt-%Ag. 0. 01-0. 5w 
t%Mn, ^n^no. 0 0 5-0. 2wt%0Fe. 
Cr> 0. 05-2. Owt%Co. 0. 0 0 5-0. 

t%F<D^:h^i=>m\ttiim^rc\t2m&.±^ 

0. 0 0 5-0. lwt%Pb. 0. 0 0 5-0. 0 3 
wt B i(Dia^;^cll2S^i^fiT0. 0 0 5wt%- 

im^m 7 ] T^rmxmiz^m^^Mm^ 700-92 

8 ] i^%mmxmzn^Fm9m^ 700-92 
ox:TfT:p;^c^ii> 4 2 0-5 5 ox:rm9Mm^ffo 
z t mmtr^m^m 1 e (D^^ttiMzmmo^m 

m^m 9 ] ii^mmxm\znm^mm^ 700-92 

\z. 4 2o--5sor:x'mmm^rT'Dct^w^t'r 



ts«Ji 1 0 ] ^rBmxmznt^mm^ 700-9 
2 0X:rmK ;*:tc2 5%e^TcD?&Fs1Jai. 420-5 

S Or:xm%9m^frr:>tzmz. ^^\Z2S%UT(0 
[0 0 0 1] 

y^u^\zm'r^^nmt^mm^^t^<om&:b 
mzmr^. 

[0 0 0 2] 

m^^^t^^^^^n. cu-zn^^^, mBmz&nrz 

Vi^o gi!l$^<Dffl^Ti5^ffi75:Cu-Zn^^ 
^ ^ - ti/hS{tMlRJ*^l^ U < > ^ /cX > i/ »\^-A\^f3. 

^(0'M^f^mmz'^i^^n^m^t}^^^^rzib. cu-z 

n^•&^l!^it)■^5^0C^:. Cu-Fe^-^^. Cu 

[0 0 0 3] z<DJ:o\z. mm-^nx\^^hmm(omitiz 

[0 0 0 4] ctii^<Dmv\^^'m^m^^mrzrm^un 
tvx. cu-Ni -s i^^^>^>^a.a$nT*5D> m 

^{t. i^m^Q 1- 1 2 7 8 4 2-^^^d^*^5»nTV^ 
§0 b^^bft;!!^^. ::cr)J;'57'ci:Cu-N i -S i ^-g-^ 

n^:tX®i^c^^:/*i7&^i^^2mmT*^0 9 O^^f-f)^^ 
*^lmmT*'5 0 4 O^T^/hSfL^n^*^:. A;^gl5(^ 

t. %mmm^m^m^z.ttmm\zn,-:>x\.^^. ^ 
^\z. ^=T'(Dm}t\zh0<<Dxm^ti-^rix\^^^f)^. ^ 

T4dO, t¥5Kcr)Cu-N i -S i TlifflfrfaSlC^^-y^ 

CDC u - N i - s i Jk't^x\t^mm^m\t^'^mu 
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036 1 -2 5 0 1 3 4#»ffi. i|$g8¥5-5 9 4 6 8^ 

[0 0 0 6] 
[0 0 0 7] 

ftt"^t)0T\ ^fiEiJ^.hLTN i ^1. 0-3. 5wt 
%. Si^0. 2'-'0. 9wt%>Mg^0. 01- 

0. 20wt%, Sn^^O. 05 — 1. Sv/t%^^. 

s. o^^m^^ti^no. oo5wt%*jfitcSM 

^mmmmm^^x*^^. ^tz. ±mmfSi\z^^^x. 
^^m<oii^mzwMm^^^u\^^mmx\ ^om^Ti 
m.M^\to. 2%^m<Dzn^mmvxhmL^^f3i 

1. 0 — 3. 5wt%, Si^O. 2 — 0. 9wt%. 
Ug^O, 01-0. 20wt%. Sn$:0. 05- 
1. 5wt%. Zn^O, 2-1. 5wt%-g:^> S, 

o^«^-iE-n^'no. 0 0 5w t %^m\zumv. m 
[0 0 0 8] ^tz. :^mm\t. ±m(Dm^^\z. -^^iz 

Ag, Mn. Fe, Cr, Co. P Ofp^^BM^itllU 

^rz\t2m&.±^f^mxo. oo5wt%-2. owt 
%^ts:itmwLtr^m'^^x$>^o Mci^m\z\t. ± 

^6^tLXN 1^1. 0-3. 5wt%. Si^^O. 2 
-0. 9wt%. Mg^O. 01-0. 20wt%, S 
n^O. 0 5-1. 5wt%^^, ^^llO. 005- 
0. 3wt%Ag. 0. 01—0. 5wt%Mn,-^n 
^no, 0 0 5-0. 2wt%0[)Fe. Cr. 0. 05 
-2. Owt%Co, 0. 0 0 5 — 0. lwt%Pc7)4) 



0 5 w t SISPC uRiy::f pJSM^Mi^ 

25^S7^t). iini^m?^2 S um£kTX 

&^ctmmtr^mmmmmm^&x&^. * 

;'c. ifiEi^tLTN i ^1. 0-3. 5wt%.Si^ 

0. 2-0. 9wt%. Mg^^O. 01-0. 20wt 
Sn^O. 05-1. 5wt%. Zn^O. 2- 

1. 5wt%^^, $6.1-0. 0 0 5-0. 3wt%A 
g. 0. 01-0. 5wt%Mn, ^n^tlO, 005 
-0. 2wt%OFe. Cr. 0. 0 5-2. Owt% 
Co. 0. 0 0 5-0. 1 w t %P(^4^7!i^^St^ni@ 
^rz\t2mU±^miX0. 0 0 5wt%-2. Owt 

s. o^^fi^-^n^no. oo5wt%*js 

iCfelEb, SgPCuJ5:iqFRr®M^Mife2i^6.)^?3. 
m^^m^ 1 M m ^^S;^ 2 5// mfi^TT^ § CI t ^i^lil 

[0 0 0 9] ^tz. ^^m\t. ±mo)m^&\z. -^^iz 
Pb. B [0im^rz\t2m^f^mxo. 005-0. 
1 3wt%ttjtt^i^ntr^m^^x$>^. Mi^m 

\Z\t. ^^tVXN 1^1. 0-3. 5wt%, Si 
^0. 2 — 0. 9wt%, Mg^O. 01 — 0, 20w 
t%, Sn^O. 05-1. 5wt%-&^. ^^\Z0. 
0 0 5-0. lwt%Pb, 0. 0 0 5-0. 0 3wt 
B \0im^tz\t2m^1^AXO. 0 0 5-0, 1 3w 

t%^^, s. O'&Wji^^n^'no. oo5wt%^ 
mt'r^mm&\ti3.mm'^^x$>^. ^tz. ^^^tu 

XNi^l, 0 — 3. 5wt%. Sr^O. 2 — 0. 9 
wt%, Mg^O. 01 — 0. 20wt%. Sn^O. 
05-1. 5wt%> Zn^O. 2 — 1. 5wt%^ 

$e>tCO. 0 0 5-0. lwt%Pb, 0. 005 
-0. 0 3w t B i OlS^;^cl^2S$-igatfO. 0 0 

5-0. i3wt%-&^, s. o^Wft^^n-^no. 
0 0 5 w t %^m\zmmL. ssbc u3s^i^:=fpjsw^m 

x$>^zLt^i^ut-r^mnmmm^^x^^. 

[0 0 10] t.tz. ±EcOffl^^(C. $e.irAg. M 
n, Fe. Cr. Co. F (D^f}^'^M\itlim^rz}t2 
m&L±^ 'RZSFb. B iO)im^tz\t2m^m&X0, 

oo5wt%-2. ow txttsct^^WLt-r^mB 

±X$>^. M:i^m\Z\t. ^^iJtLTNi^l. 0- 
3. 5wt%. Si^O. 2-0. 9wt%. Mg^ 
0. 01-0. 20wt%. Sn^O. 05-1. 5w 
t $6>l-0. 0 0 5 — 0. 3wt%Ag. 0- 

0 1-0. 5 w t %Mn. ^n^'no. 0 0 5 — 0. 2 
wt%(OFe. Cr. 0. 05 — 2. Owt%Co. 

0. 005 — 0. iwt%p c7>4i3&^ e>S(^ti 1 a^;^!^ 

2®^±, AXfO. 0 0 5 — 0. lwt%Pb. 0. 0 
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^mW- 1 1 -2 2 2 6 4 1 



^no. 0 0 5wt %*?SlCSIfSb, nucuRU^uj 

fe^o ^tz. ^i^tbXN i^l. 0'-3. 5wt 
%. Si^O. 2-0. 9wt%. Mg^O. 0 1- 
0. 20wt%. Sn^O. 05-1. 5wt%. Zn 
^0. 2-1. SwtX^^s $5 ICO. 005-0. 
3wt%Ag. 0. 01-0. 5wt%Mn, ^n-?n 
0. 0 0 5-0. 2wt%0Fe, Cr^ 0. 0 5- 
2. Owt%Co. 0. 0 0 5-0. ly/t%P(Dfpf)^ 

ibm\triim^tz\t2mi^±. i^zfo, 005-0. 1 

wt%Pb. 0. 0 0 5-0. 0 3w t B i ©la^;''^ 
fi2g^&igfiT0. 0 0 5wt%-2. 0wt%^^. 

s . o^wm^r-^ti^n 0 . 0 0 5 w t %^m\zmwi 
mt)^ 1 nm^m^ 2 5 //m^TTfe^ ^ t ^^mt-T^ 

[0 0 11] ^tz. *%§gc^>±ES^^«, ST, n:^^ 

mj:mz.^^^^im^7 0 0-9 2 orTfr^^i^i^^'^ 

T^mmxmzmi^mm^ 700-92 oxTff 
\z. 4 2o^ssox:xmi0}mm^n^zt^^mt-r 
^mmm^t2mm^^(ommjj&Th^^rz. if^miMx 
miznm^&m^ 700-920 "CTff ^ ^» tc 2 5 

%£^TcO?&FBlj!jDX^fT-:?)c:^(C, 4 2 0-5 5 0t;T^ 
0-9 2 0t;TffV\ 2 S%^T (OT^mmX. 4 2 

0^5 s ox:r(omnmm^n-Drzmz. $^»ic2 5% 

to 0 1 2] 

S^^S'tt^Wr^ffl^^tl. Sn. Mg. Zn<&^5£ 
S^ttlL. S. O^WS^^JKUT. :^Oig^0Sg^l 
MHi^eA 2 5 MinWT.?: LTl£;;^ig?D^1t (hffitfllDX 

^^^-m t Lxmrzi^^^^^'r^m^^mm^^^ 
^mz^o)ri^^. 

[0 0 13] uT\z^^m(om^±<ofSii^m^m^^m 

mr^. Cu\ZN\tS\ ^^^r^-lir^chN i - s i{t 



Nifi;!i<3. 5w t I^FbWX^Ic^ 

hmMm^4^^^t\zfx^. s igiiWffit^N i t 

N i &t:^^t^tmmf3.s i s i m 

f)^o. 2wt%^mx$>^tN imf}^'>fs-\^^t^tmmi 
^^u^^m^z.tf)^rtu.\.\ mzs i^wfi?^^ 
0. 9wt%^m^^t^^^ iM^^^^^^'Btnmo:> 
mmfj^^-r^. ffsb<n. ni^i. 7-2. swt 
%, si^o. 4-0. iv/txizmm-r^^ttm^ 

[0 0 14] Mg, sn\t^mm<Dm^ik^m^t-^m 
mf3.mm7cmr$>^o cti^<D7im\mmzm%\^^':> 

efe#-r^3&^ m^mx^\z\tmmm^R\^'r. Jt^timm 
i^ttcoii.«75^ 0 . 0 1 w t %e^±T^«ii^v i 

2 0 w t %^m^^t^»ys.mmx^^m^z.t\m 
mx&^. ccD^vum.^^-^^. MgcD^w^Hiio. 

01-0. 2 Ow t %tC:feViT^*f?^n^>X^^To 
ft JjnXttOg.^75^ e. J: 0 L V^M g co^WffiBfrj:. 
0. 0 1-0. 1 w t %X&^o 
[0 0 15] -^^iz. Sn?^m?i^:^t\z^r)^ 

^zt^M.^^rzvrz. sn\t. jt-ijimi^^cD^m^m 

X$>^. Sn^l. SwiX^m^X^^t^t. BR 

r^m^o^^^T^/^^^tt. mm±mm^^rzr. sn^ 

WfitlMgtt^c^^^^l/i'b^-^^^ 0. 0 5-1. 5 

f)^0. 0 1-0. 0 Sv/ t%<Dm'u\Z\t. Sn\tO, B 
-1. 5wt %7!iW^L.<. MgfiT^^O. 05-0. 1 ' 
v;t%0m^\Z\t. Sn\tQ. 0 5-0. 8wt%7!iW 

[0 0 16] zn\tii:>^f)im^mzm^Lu\^^f)^. m-j 

mX^^^mt^Ct^^X^^o Zn^O. 2-1. 5 
wt%. ff^b<liO. 3-1. Owt%^W'r^Ci: 
\Z^r^. Ug^m:kO. 2 Owt %^T^W$-ti:T^^ 

ffl±rpis?i<^^i/^;i^cofi^f*axtt^g^STti), sfcz 

-'>3>4i5rtt^8:#-r^^^^WU. fl-fefe^JaXtt^ 
&#t-'5f^fflt)^b, ^ffl±(^S.^75^^Zn^O. 2w 
t%. Sf^L<tiO. 3w t %l^^±^^^^^e:i:7&^S 
^Ll^o JT-^fe^iiaXtt^&ST^TC^tLTIi, P 
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$>^. ^(D±mm'm^(DBm^^^mL. i. 5w 
t%. if^u<fii. owt%T$»^o f3i^. ^mmm 

[0 0 1 7] Bl±. Mg. Sn. Z n ©^JO^S^^ES 

g'bM^>7.(DS0;^c!:^^S(^^a[i, Mg : 0. 0 5 

~0. 15wt%. Sn:0. 2-0. 5wt%, Z 
n : 0. 3 — 0. 8wt %t?S^o 

[0 0 18] ^^CtC. Ag, Mn. Fe. Cr. Co. P 

<Dt^&0^m^m&i.rzm^^wimr^. Ag. m 

n. Fe. Cr. Co> PJd:. iaXtt^&ST^iiV^^'^ 
,ST!SmcOtS|g^#LTli^'b©T^D. Ag. Mn. 

Fe, cr. Co. F<D^ij^^miftnim^rc\t2mu 

±^0. 0 0 5wt%'-2. Owt %'&^$ii-^t>CDT 
[0 0 1 9] AgJi. mm&^±^fs ^g^±#^iiS 

M.\^^rzLrzh(Dxh^. -^^fi^^o. 0 0 swt 

CDT. AgO^Jg^WfttiO. 0 0 5-0. 3wt%T 
J:Dff^t<«0. 0 0 5-0. lwt%T^ 

[0 0 2 0] Mn It. ^g<£r±#$-li-^<h|^^ICI^P^ifn 

xtt^Sc#-r^S!im?:?^feo. 0. q iv/tx^mxh^ 

<b-ec7)51^;&Vh$ < . 0. 5wt %^^jg^T^WbT 
t). ^^&\zM.^-Drz^^:^m^riU\^^m^r)XU<s 

0. 01-0. 5wt%T^Ci. ct:OSf^t<>iO. 0 
3-0. 3wt%T^^o 

[0 0 2 1] Fe. Cr\t. S i tig^L. Fe-Si 

^t^^. c r - s i ^^:'&ife^^^^£b^s^±#$■y:^. 

^, Fe-s iit^ife. cr-s nt^mtms^mitm 
^\ ^Tz. 0. 2wt%^j&?Lx^^r^tmmx^ 

f)^9^itLX<^. cra^aymj^f}^^. Fe, C r ^t:^ 
t^i^'^<ommm\t. O. OOS-O. 2wt%T^ 



tS«M?Sg^lpJ±^it^o Coll. Nil;ttLii5<ffi 
X&^fz^. *%^T'(iC u - N i - S i ^.^^S:fijffl 
LTI^-StJ^. 3XhMirfF^n^£7)T*ntJ. Cu-C 
o-S i^-^Cu-N i - Co-S i^^S5?LTfeS 
l.:»o Cu-Co-S i^ll^^t/rffl^i^^cS'&l::. Cu 
-N i -S i^JzOtSttWS*. ©att^felCi|jOMcfi< 

^irafiii. 0. 0 5-2. owt%T^^« 

[0 0 2 3] Pti. ^e^±#$ii'^i:|WI^IC©Stt<& 

MM^^I^Wt. 0. 0 0 5-0. lwt%T$»t). <fc 
DfiP^b<ll0. 0 0 5-0. 0 5wt%T^^. Ctl 

0. 005-2. Owt XtLTzo 
[0 0 2 4]:;*ClC. Pb, B i co^Wl:(^^ffl^Pg^b 

rc3id&^ii^-r^a Pb. Bi\t. nt>^tMx&^^ 

mT^'hOX. Pb. B i (Dim^Tz\t2m^0, 0 0 
5-0. 1 3w t %^#'r^^>(^T^^. Pbttfl-^fe 

m.^\zu^rzmt>&^i}nx^^&m-r^o Pbmf)^ 

0. 0 0 5wt %*?^TS^^4#tta#?^*7&^3^<^ 

0. iwt %:&je^T^j!ia-r^^3^fB™xtt$:{g:T^i± 

^t^;^^OT;:i:<. ffitfJ!iaXtt^t)^^{l:$it^»rc0. 0. 
0 0 5-0. lv/t%^^mMX^K). J:r)B^b<\t 
0. 0 0 5-0. 0 5wt%T^^o B i t)}T'^fe#ilP 
Xtt^&S-r^^JDTC^T^^o 0. 0 0 5wt%*^ 
T^-5<ti^tt5feSS4*7&MN$<. 0. 0 3wt%<^eK. 
T^Apf'5^Pbi:|RliiCDi|$tt{£Ti£*"ro ct':?TBi 
(D&m^^&Wt. 0. 0 0 5-0. 0 3wt%Tfe 
0. J:O0^b<tiO. 0 0 5-0. 0 2wt%T^ 

[0 0 2 5] zn^Ag. Mn. Fe. Cr. Co. P 

<D^t}^^mitinim^fz\t2mu±. Ru:pb, bic^d 
ia^fcii2s^i^Btic^wi-^^^icti. :^*e.n^ 

mx 0. 005-2. Owt%<i: Ltz. 
[0 0 2 6] ^IC. S. O^^m^O. 0 0 5w t 
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l^PsTOitt^rsi^^-fr^o 4Sics-&^fi^o. oo2w 

0. oo5wt%et±TS^i:, ugf}mit^nrmf 
mxmmtr^. o^^m^ o . o o s w t xsit. 

[0 0 2 7] ±mvrz^^m<om^&<om^\z^^^x. 

fin fim&rfx$>^t: m^^mmiz^^^xm^mr^ 
TT^. mzm^^imf)^2 s um^m^x^^Lx^. 

[0 0 2 8] 'A^^Xs ^^mom'^^<Dmm.mz'o\^-^x 

rnvTzmz. n^^tmi^it-^it^Brnx^mm^tr 
mt>\zmxn^rrz>o ^rcj^mz^^cxm^mm. 

1 um^m^2 5 txmuT(ot^m\zmmr^rzH>\z\t. 
m^^^mm<o^f^^mm\zmmr^'mfi^$>^. 700 

x:7^^(^^ST<Diajs!i3m. UUtur)^<. 9 2 ox: 

^m^^umx\mBmm^\z^&h^'r^^(Dx\ 7^ 
mmxmznf^wMm^7 0 0-92 orixfTv^ox 

[0 0 2 9] mid}m9m<o^mz^^^x\t. 
sg?!)i4 2 cc^^Tfe^^. vrmmitmf)^^&i^x$> 

TL^Po ckoT. mmmum\t4 2o--ssox:t 

0-53 O'CT'COjagTli^SjiTfe^o 

[0 0 3 0] ^tc. T^mmxmzmfs^BH^m (mmt) 

^7 0 0-9 2 ot:TfTi^. $^t;:?&Pa^J!nix (2 5%« 
T) ^^j-DfzmzA 2 0-5 5 orTBtJcdJag^fr-p^b 

c^T^^o mzm-<^mmmx\t. mmmm<\zm 



?&r«ijpx^tcssfpffls (^^ib) ^7oo-92ot: 
xm\ r^mmx (2s%&.t) , 420-550'CT 
mm!&w^n':>rzm\z. ^^\z2 5%&.T07^mmx. 
Rxs&umm^fToh<Dx$>^o :z(D^o\zm^i!imm 
\z^rsmx^mLxhmt>rj:\^\ 
mx&m\mx&^9^ittitfy,^^rziib\z. mmwt^i^m 

2 5%£^T<^JtoX;0tM^UVio MIC. ISiEoRfJdjagg 

^0^^\Z\t. 2 5 0-4 0 0t:(Z>SaT0. 5-5 h 

r , ^mmixtr^m'^\z\te 0 o-s 0 oTcoasT- 
5-6 0 s(!9^f^TfT3c:^d^M^UK c(omm\t7^ 
mmxxmx-^nfz^&i^nmmL. m^m\z\tiR&(D 

[0 0 3 1] 

[^e^c^njgo?^^] :^^m(om^&\t. t^ntzWiW.^ 

[0 0 3 2] 

mmM 1 ] *5s?g<^^ 1 o^mm^m 1 e jc^lk 
mt^. siii^^pj^jO'&^mfiE. ^2. ssfittK 
leaj, ^^m<D^^u^x$>r>. ^4\t^^^m^^<Dm 
tt. S5. ge^it^^j. '^^mo'^^ot^^^TT^-r^ 

m^xm^^m^^zi {.rzrzi^\zm.m^±i^rzhoxB 
[0 0 3 3] t.r. ^m&mmtF\zx. m^-mizB^ 

mm.<0'&-( 3 0 mm, mi 0 0 mm. 1 5 

OmmT^^. 'A\ZCn^<Dm^^9 0 O'CXmmjSM 

^bxf)^^. ^^fi^^zi^m^notzo mmomitm^m 

i:-t^tz^m^ 9 mm^xmWlbXf)^^. ?&Pp1E£StCcfc 
0J?$0. 2 Smm\zmXbrz, ^U^'^W^ 
^^t^i^it'^'^^S^X. 7 5 0rT3 Os(^^jl!LS^ 

m\ w.-^\zisx:/s^:i±<D7^&mmxmxniff 
^fz. mmm\t. ^m^^m^^xs \bvx2mm. 

[0 0 3 4] l3igL;^cWm^^>1^>:/•>'>^bT, SB 
^m^mmb. TS (^I^IO^ffi) N/mm2, El 

(#1/) %. EC %iAcs, mmx^. 
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[0 0 3 5] m'^m^U(D±^'^\t. j i s 
H0 5oiii2pi:, it^mtmm&^m^Lmm^n'o 

mmrm&^frorz. m'omr>^m\tj i s z 2 2 4 i 

HO 5 0 Stl^pUTSilSUfCc 

jvtmwiLrz. 

[0 0 3 7] jt^^mmm&owmt. s*s^«ffx^ 
^mmm^x^^EUAs-3 0 0 3\zmmi^xffr> 

tz. z.zx>^i^^':/ay^^^mmu &^m:kJt^tif)^ 

4 5 Ol^/mm^tfS.^^v\zn^^^tl^m&\^. 1 5 

ox:<DmMmxum^fT^rz. ^4--^6\z\t. i o o 

OhrMMk^om^^ (S. R. R) X^Ltzo 

[0 0 3 8] f<:^:hmm(Dumyj&<D)^j^^fuy^m\z 

OV^T. mi (a) (b) (c) tC^-To mi ia) \t 

m^m. (b) \tmwmx^r)^ ^y^)\^ (d o-:^ 

(2) (3) T>t-S-fe<*®lC3a#L. 

^o-'-nnrfuy^ (4) liJ:01^>y;i/ (l) \z-&^ 



6 o mmtct>^mm ^^^rzikm\zt^. ^o^^m 
Ti^->y;u (1) ^i5ox:\zm&mm (:^mmmx\t 
1 0 0 0 h r) ip^-rs. mmmmm. mi (c) 

o[)#J®^tz^-r<t'5lc, yuyi; (4) *®0^li;^c«: 
mX(DM^d t ^Ml^t. jE:^jgfD 

m (%) ii;i^aT*i?)fco 

56:^S?D^ (%) = (6 t/6 o) X 1 0 0 

T^cii, v}mrct>^^mt. (4 

5 0N/nim2) ■V>^^, «Jf§;6^5tf 
^•r^t)(7)T*^ (ttg::^SIiEMAS-3 0 0 3trct: 

[0 0 3 9] Sn;^*7^C7)i!jnitifJltttfi. I fimO^fR 
Sn;f^y^^^LtzU^}^^l 5 OX^X 1 0 0 Omm(D . 

:kmm^Lxi)^i^. 1 8 o&<Dmmm-f> 
ML^LTzm. ^(D^i^<D;^y^mm^Em\zxwmi. 
tz. ^m<ommf)m^^n^m^. m4^6\z r:tj t 
mvTz. 

[0 0 4 0] fj-^ft^tt^, (sKDi im) xn 

t\z^r^m^rzo tLx5 0 0 i^m^^i o o o oiei 
E<Dfjt>^^m^^2ommfiF^\zmmLrzD'>y')i^(7:> 
n-^w^^m^mmvx^mmom^^m&htz. §4- 

6 tiiiag^)t<=oi* $ iz^-r^^m^o^m-^om'^o^i^ 

m^Xm^X^t (S4»TF. A. Kt&^) o AUai 
^(I-3ViTt)l^^{C. 5 0 0 l|H]@?&^e>1 0 0 0 0lHie 

<Dfjt>^tmm^^2 omMi^^\zmmhrzi^>y)i^<o 
/vjom^^mm^mi^m^mx^^. ^i^m^mzm 
m.Lrz. 

[SI] 





No 


Ni 


Si 


Mg 


Sn 


Zn 


s 


0 








1 


1.5 


0. 34 


0. 07 


0.31 


0.49 


0. 002 


0. 001 




5 




2 


1.9 


0.48 


0.08 


0. 30 


0. 48 


0. 002 


0.001 








3 


2.5 


0.60 


0.08 


0.30 


0.49 


0.002 


0. 001 






m 


i 


10 


0. 75 


0.07 


0.31 


0. 50 


0.O02 


0. 001 










2.0 


0.48 


0.04 


0.30 


0. 50 


0.002 


0.001 








6 


1.9 


0. 48 


0.03 


0.85 


0. 49 


0.002 


0.001 








7 


2.0 


0.47 


0.08 


0.87 


0. 50 


0. 002 


0.001 










2.0 


0.45 


0.16 


0. 29 


0. 09 


0. 002 


0.001 








S 


2.0 


0.47 


0. Ifj 


0. 30 


1. 10 


0. 002 


0. 001 








10 


2.0 


0.48 


0.08 


O.30 


1.07 


0. 002 


0. 001 








11 


1.9 


0.46 


0.04 


0. 87 


0. 10 


0. 002 


0. 001 








12 


10 


0.48 


0.07 


0.85 


1. 10 


0. 0Q2 


0. oot 








13 


1.5 


0.47 


0.08 


0.33 


0.50 


0. 002 


0. 001 


CoO.5 






14 


1.9 


0. 48 


0.08 


0.31 


0.49 


0. 002 


0. 001 


CoO. ] 






1$ 


2.0 


0.48 


0.08 


0. 32 


0.49 


0. 002 


0. 001 


Ago. 03 






IG 


2.0 


0.48 


0.07 


0.32 


0.49 


0.OC2 


0. 001 


PbO. 03 






IT 


2.0 


0. 47 


0. 08 


0. 33 


D. 50 


0.O02 


0. 001 


CrO. 007 






IS 


1.9 


0. 48 


0. 07 


0. 32 


0.48 


0,002 


0. 001 








19 


2.0 


0. 48 


0.06 


0. 33 


0. 49 


0.O02 


0. 001 
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